University web sites play an important role in facilitating a wide range of types of communication. This paper reports an analysis of international academic linking in Europe, with particular reference to European Union (EU) integration. The Microsoft search service was used to calculate international interlinking to universities and from universities. Four different web topologies were found for the link structure data and poorly connected countries were identified. The results show the expected EU dominance of the large richer Western European nations, particularly the UK and Germany. The new EU countries are not yet integrated into the EU web but some show strong regional connections.
Introduction
Although the primary outputs of science are academic papers, with an increasing role for commercial activities such as patenting and technology transfer, university web sites perform a range of useful supporting roles. These include advertising research projects results and capabilities as well as marketing educational opportunities and providing information for current staff and students [MIDDLETON & AL., 1999] .
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Scientometrics 75 (2008) The web may be particularly important to help build international connections. For example, it seems that maintaining an up-to-date web site is sometimes seen as an essential research group activity [FRY, 2006] , perhaps because it can help in recruitment as well as in general research publicity [BARJAK, 2005] . Hence for organisations such as the European Union (EU) that promote academic integration, ensuring that academic web publishing is universally effective is a desirable goal. Counts of hyperlinks to a web site or larger web space have been proposed as a web impact measure [INGWERSEN, 1998 ] and previous research (reviewed below) suggests that it is reasonable to use international links to investigate the extent of academic web integration and the impact of individual nations' university web sites within a region.
A few reported hyperlink studies have focussed on international academic web interconnectivity. In a study of 16 European countries, the importance of English for academic interlinking was established, accounting for half of the international linking pages. In addition, countries' universities tended to link most to countries with shared languages or which were geographically close [THELWALL & . Similar patterns may also appear within a single country such as the UK (geographic) and Canada (linguistic/cultural and geographic) [VAUGHAN, 2006; . Greece was an exception in the EU study: publishing predominantly in Greek and being almost disconnected from the rest of the (then) EU. A parallel study of the universities in the 15 European Union Member states (before 2004) confirmed that international linking is associated with country size [HEIMERIKS & VAN DEN BESSELAAR, 2006] , and that there was some clustering amongst countries, although not in a completely intuitive way. Also in Europe but focussing on life sciences research groups, an EU-funded research project identified the UK and Germany as central actors on the web, reflecting their research and strengths in the field, but with France being relatively marginal online [THELWALL & LI, 2005] . At the level of research teams within Europe, web linking does not seem to directly reflect patterns of collaboration or co-authorship, at least for biotechnology, artificial intelligence and information science, and web sites appeared to be a "social and public interface" for research [HEIMERIKS & AL., 2003] . A follow-up study found that the international interlinking of research teams was significantly more cognitively structured than the international interlinking of universities, presumably because the latter is partly an aggregation of different cognitive structures [HEIMERIKS & VAN DEN BESSELAAR, 2006] . On an intercontinental scale, linking between the top 5 universities in each ASEAN country (Asia and Europe) showed a European dominance with the UK and Germany again leading [PARK & THELWALL, 2006] . Within the Asia-Pacific area, the links between universities aggregated on the national level seemed to reflect international patterns of scientific collaboration, except that smaller countries seemed to be over-represented on the web, perhaps because of exhaustive web sites that linked to every country/university/department matching a given criterion [THELWALL & SMITH, 409 2002] . A study of the international links between departments of biology, chemistry and physics in Australia, Canada and the UK found significant differences at both the national and the disciplinary level [LI & AL., 2005A, 2005B] .
Despite the above-reviewed research, new investigations are needed into the EU academic web. This is because previous research has not covered the recently expanded EU, which has a current need for rapid integration. Moreover, international academic link analysis is dependant upon the facilities provided by commercial search engines, and these have recently changed with the introduction of Yahoo! and Microsoft APIs (Applications Programming Interfaces), which are more powerful for link analysis than the existing Google API [MAYR & TOSQUES, 2005] . In this paper we explore the potential of current link analysis techniques for assessing EU academic web integration, focussing on two research questions.
1. Web presence: Are there any countries in Europe that are falling behind in the use of the web for universities? 2. Topology: What is the overall structure of the academic web in Europe?
Link analysis methods

Search engine queries
There are currently two sources of information about links between web sites: commercial search engines and personal crawlers. A personal crawler, also known as a robot or spider, is a computer program that downloads web pages and follows their links recursively. For example it might be fed with the URL of a web site's home page and then attempt to find and download all of the remaining site pages. Researchers have used web crawlers to investigate university web site interlinking. The scale of most such research has been national [THELWALL & because crawling university web sites is time consuming. Two of the major families of search engines, Yahoo! and MSN (The Microsoft Network search engine, also known as Windows Live) can also be used for link counting using their linkdomain: and site: advanced search commands. For example linkdomain:wlv.ac.uk site:knaw.nl returns pages within the knaw.nl domain (including subdomains like niwi.knaw.nl) that contains links to the wlv.ac.uk domain (again including subdomains). Hence it is relatively easy to count the number of links between any pair of web sites (actually link pages rather than links, but we blur this distinction in the remainder of the paper) using MSN or Yahoo! There is a key limitation, however: search engine coverage of web sites is often incomplete and their reported total number of results can be estimates, and hence the figures can be inaccurate.
One previous study has used the commercial search engine AltaVista (now joined with Yahoo!) to count links between university web sites throughout Western Europe. This study constructed large composite Boolean queries by combining many separate Scientometrics 75 (2008) queries together. For example, one long query returned pages in any Belgian university that linked to any Greek university ]. This method is no longer practical, however, because testing for this research revealed that search engines now return incorrect results for very long queries. In theory, it is possible to count the number of link pages from all the universities in the country A to all of the universities in country B through a separate query for each pair of universities but this is impractical if too many universities are involved.
Two similar queries are more practical. It is possible to count the pages linking between a university and a country code domain and this can be achieved with a single query. For example linkdomain:wlv.ac.uk site:de counts pages in the German (de) domain that link to the University of Wolverhampton. Similarly, linkdomain:de site:wlv.ac.uk counts University of Wolverhampton pages that link to the German domain. It is possible to measure the connectivity between the 149 UK universities (or university colleges) and the German domain by submitting 298 queries and totalling the results (two queries for each university, as above) but to measure inter-university connectivity would take 149x258 = 38,442 queries (there are 258 German University institutions).
Automatic query submission
The major search engine families allow queries to be submitted automatically by programs but only via their official API or web service. These have restrictions in the number of queries that can be submitted. In addition, Yahoo! and Google have the additional limitation that their APIs give results from only a subset of their full database. Hence using MSN has the most potential for good results for link analysis research requiring large numbers of queries.
• Google: 1,000 per user per day (restricted database) • MSN: 10,000 per computer (Internet Protocol address) per day (full database) • Yahoo!: 5,000 per user per day (restricted database) All commercial search engines return up to a fixed maximum number of URLs per query, which generates a methodological problem. Google and Yahoo! return up to 1,000 matching URLs per query, and MSN only 250. This is an issue for link counting research that is ostensibly only interested in the link counts and not individual URLs because previous research has shown that the URL- 
Data collection
For the current study and based upon the limitations discussed above we adopted the following procedure. First, we identified the domain names of the universities of the 25 European Union member states (as of January 2006, Bulgaria and Romania became members in January 2007). In addition, we identified the domain names of the universities of 18 further European nations for comparison purposes (see Appendix, Table 1 ). Using the MSN Web Service and the free LexiURL software (http://lexiurl.wlv.ac.uk/) we submitted queries to MSN over a period of one month to count links (link pages) between each identified university and each identified official European web domain (in both directions). We then consolidated the data by totalling the results for all universities in a country. This gave two matrices. The first matrix recorded the number of links (link pages) from the universities of country i to the country code domain of j. The second matrix recorded the number of links (link pages) to the universities of country j from the country code domain of country i. Note that the MSN link search was withdraw during 2007 after the data had been collected. Figure 1 summarises the four link data sets collected. For convenience we describe the sum of all these statistics as the 'web presence' of a country. Larger web presence values suggest a more active international academic interlinking to and/or from the country and/or its universities. The graph confirms the trend for larger and richer countries to have more links of all kinds associated with them. Figure 1 is difficult to properly interpret, however, precisely because of the varying sizes and wealth of the countries covered. We also compared the link data with tertiary education enrolment and population statistics, both of which provided a significantly worse fit. Using a weak benchmarking approach [THELWALL, 2004] , the outliers give the most significant information. These are countries that attract relatively few/many links for their wealth. The poorestperforming country was Albania (2% of the average links/GDP ratio), with France (29%), Turkey (30%), Bosnia and Herzegovina (32%) and Italy (32%) are following closely. The best-performing countries were Estonia (302%) and Iceland (260%). The best of the larger countries were Austria (148%), Switzerland (153%) and Finland (165%). There was a slight tendency for EU member states to have a higher ratio than the rest, especially the larger countries. There is not, however, a clear tendency for EU countries to be significantly better than the rest.
Web presence
A possible alternative reading for Figure 2 is that there are three web tendencies at work: high web use (e.g. ch, nl, at, se, fi), medium web use (e.g., de, uk) and low web use (e.g. ru, es, it, fr). These three groups could conceivably be following different patterns although we can only speculate about what the causes could be. One possible cause might be the different structures in education, with countries that have significant and elite government research outside of universities loosing links to the universities as a result. Another possibility is that countries except the UK with a strong international focus outside Europe are disadvantaged (perhaps Spain, France, Portugal), or the same for larger countries that have a strong tradition of using their own language in academic research (e.g. Germany, France, Spain, Russia).
Topology
Total Interlinking (Raw Link Counts)
Visualisations are needed for the strength of interconnectivity between the European nations. Previous similar research has used a variety of different methods. Link diagrams use arrows for links, with arrow widths proportional to link counts and no special positioning of the arrow sources and targets [THELWALL, 2001] . Others have used clustering and visualisation methods designed to identify groups of similar entities rather than the strength of connections. These have used statistical techniques such as hierarchical cluster analysis [MUSGROVE & AL., 2003] or multidimensional scaling (MDS), often with colink counts rather than direct link counts as a similarity measure [ORTEGA & AL., 2007, TO APPEAR; ORTEGA PRIEGO, 2003; POLANCO & AL., 2001; VAUGHAN, 2005; ZUCCALA, 2006 ]. An alternative choice for a link diagram, and used below, is one with the nodes (countries) positioned with highly interconnected countries close together, and arrow thickness proportional to link counts. The positioning of nodes can be achieved with a standard algorithm such as Kamada-Kawai [KAMADA & KAWAI, 1989] , as implemented in the graph drawing program Pajek. We used KamadaKawai but adjusted the positions of the nodes to make the diagram more easily interpretable, for example by reducing the number of line crossings and positioning
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Scientometrics 75 (2008) structurally similar nodes close together to create a visual pattern (e.g. hu, gr, ie, and ru in Figure 3 ) in line with mathematical graph theory visualization recommendations [BATTISTA & .
From Figures 3 and 4 it can be seen that there is a similar overall pattern of linking although the shapes of the graphs are slightly different. In both cases, and particularly Figure 4 , it is clear that there is a core of densely interconnected larger countries plus a periphery of smaller ones that mainly connect to the larger countries. In comparison to a similar previous graph [HEIMERIKS & VAN DEN BESSELAAR, 2006] , in Figures 3 and 4 , the UK appears more central and interconnected, and the overall network has more structure, in line with the expanded set of countries. The previously observed dominance of the UK and Germany [ORTEGA & AL., 2007] is also apparent but not overwhelming. The importance of Switzerland (ch, not in the EU) is clear from the above map. Poland, a newcomer to the EU, is surprisingly well connected. Perhaps this reflects a strong computing industry or the recent wave of migration. The pattern is of a core and periphery, rather than geo-political linking, although there is an element of both. 
Normalised network diagrams
Although the network diagrams above show the strongest link connections within the data set, it is also useful to identify pairs of countries with relatively strong ties. For this some kind of size normalisation is needed so that countries with few links can have their main partners identified. For international co-authorship data GLÄNZEL & SCHUBERT (2001) used Salton's measure, the geometric mean. A characteristic is that it is biased towards the countries with most links, despite the normalisation. Network diagrams based upon Salton's measure (not shown) were similar to the non-normalised diagrams (Figures 3 and 4 ).
An alternative is to use the theoretical approach of the Chi-square test. This assumes that there is no relationship between the countries and calculates an expected value for the links from A to B. The ratio (actual -expected)/expected can be used as an indicator for how far the actual link count deviates from the expected value [LUUKKONEN & AL., 1992; TIJSSEN & MOED, 1989] (2008) diagonal (i.e., the lack of self-links), and this correction factor is to subtract from the denominator the sum of the target country inlinks. This adjustment removes bias against the larger countries. Note that this adjustment only made a small difference to the diagrams produced with our data set.
From Figure 5 it is clear that after normalisation the strongest links are between the smallest nations and reflect geopolitical considerations. Most of the links above reflect known political connections. For example: the countries of former Yugoslavia are represented and many interlink; similarly for the former countries of the Czech Republic; Greece links to Cyprus, Finland to Estonia. It is possible, however, that this method over-emphasises the connections between small countries because countries with few links may reflect a different linking dynamic [THELWALL & SMITH, 2002] . Links below 10% of the maximum are not shown; unlinked countries are not shown Figure 6 uses the same statistics but reports only the top 13 countries in order to see how they interlink. This normalised graph is again primarily geopolitical. The UK and Germany are present but do not dominate. Interestingly, the UK is connected weakly to many countries but Germany is strongly connected to two other and weakly to three others. All except the UK are neighbours. This suggests that Germany's influence is most strong in its region but the UK may be more widely influential, albeit nowhere strongly influential. Again, Poland has a significant presence as a newcomer. 
Conclusions
Perhaps the clearest outcome from the analysis is the set of outliers in Figure 2 : countries that may be under-represented on the web. Given the importance of the web in academic research, this is an important finding and problem for Europe.
The network diagrams show that the Web, at least as measured by linking, is dominated by the larger Western European nations, primarily the former EU countries but also Switzerland and, perhaps surprisingly, Poland. The web clearly reflects geopolitical influences upon link creation in addition to the influence of the larger, richer countries.
In terms of the methods used, we were unable to get ideal data -that of interlinking between universities -because the scale of the data collection made this impractical with the current generation of web search tools. Hence we had have focused on data about links to individual universities from whole countries and vice versa. Nevertheless, the methods were able to get data that gave believable results. The real value of this research may be seen in the future when comparisons are made in successive years to identify changes in linking patterns, perhaps helping to assess the extent of European Scientometrics 75 (2008) integration. Nevertheless, because of the dependence upon search engines and a wide range of reasons for informal link creation, such conclusions would need to be interpreted cautiously.
